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WKH HFR9( IXQFWLRQ LV DSSOLHG WR9( IRU DOWHUQDWLYH GHYHORSPHQW DW GHVLJQ SKDVH WKHUHZLOO EH ELJ LPSDFWV RQ
JUHHQKRXVHJDVUHGXFWLRQ

,QWURGXFWLRQ
1.1 Background & Purpose 
'HFHPEHULVWKHVLJQLQJGDWHRIWKH3DULV$JUHHPHQWWKDWZDVWKHPRVWKLVWRULFFRQIHUHQFHLQWKHKLVWRU\
RIKXPDQNLQGIRUWKHMRLQWHIIRUWVRIFRUUHFWLQJWKHPLVWDNHVPDGHE\KXPDQV*DWKHULQ3DULVGHOHJDWHVIURPQ
DWLRQVDFURVVWKHZRUOGFDPHWRDQDJUHHPHQWZLWKDSODQWRPDNHHIIRUWVWRFRSHZLWKFOLPDWHFKDQJHVUHVXOWLQJIUR
PULVLQJJOREDOWHPSHUDWXUHVVLQFHWKH,QGXVWULDO5HYROXWLRQ
7KH3DULV$JUHHPHQWLQFOXGHVDWHPSHUDWXUHUHVWULFWLRQRIEHORZGHJUHHVFRPSDUHGWRWKDWEHIRUHWKHLQGXVWULD
OL]DWLRQ+HR>@
,QGXVWULDODGYDQFHPHQWLVQHHGHGIRUOLIHRIDEXQGDQFHEXWVXVWDLQDEOHGHYHORSPHQWLVUHTXLUHG$FFRUGLQJO\UHOD
WHGUHJXODWLRQVDUHEHLQJUHLQIRUFHG
,QDFFRUGDQFHZLWKVXFKWUHQGYDULRXVHIIRUWVDUHQHHGHGDOVRLQWKHFRQVWUXFWLRQILHOGWKDWRFFXSLHVRIWRWDOH
QHUJ\FRQVXPSWLRQRI.RUHD$FFRUGLQJWR3DUN>@FRQVWUXFWLRQLQGXVWU\LVWKHUGKLJKHVWLQGXVWU\ZLWKPRVWFDUE
RQGLR[LGHHPLVVLRQVRIWKHLQGXVWULDOFODVVLILFDWLRQV)RUVROYLQJVXFKLVVXHXVHRIHFRPDWHULDODQGFRQVWUXFWLRQ
PHWKRGDQGHQHUJ\HIILFLHQF\PD[LPL]DWLRQRIKHDY\HTXLSPHQWDUHQHHGHG
2QHRIWKHVHHIIRUWVLVWKHGHYHORSPHQWHFR9(PRGHOLQZKLFKWKHHFRIULHQGO\FRQFHSWKDVEHHQLPSOHPHQWHGLQWKH
DUHDRI9(YDOXHHQJLQHHULQJWKDWLVEHLQJZLGHO\XVHGLQWKHGHVLJQSKDVH7KHFRQFHSWRIWKLVPRGHOLVUHIOHFWLQJ
WKHHFR9(IXQFWLRQLQWKHH[LVWLQJ9(DQGWKHHFR9(IXQFWLRQLQFOXGHVFDUERQSURGXFWLYLW\FRQFHSWDQGSRWHQWLDO
HQYLURQPHQW SROOXWLRQ LQGH[ 7KH FDUERQ SURGXFWLYLW\ FRQFHSW LV D SURGXFWLYH LQFUHDVH IDFWRU RIIVHWWLQJ WKH
SURGXFWLYLW\ UHGXFWLRQ IDFWRU UHVXOWLQJ IURPJUHHQKRXVH JDV UHGXFWLRQ7KHSRWHQWLDO HQYLURQPHQW SROOXWLRQ LQGH[
LQGLFDWHVWKHSRVVLELOLW\RIHQYLURQPHQWDOSROOXWLRQWKDWFRXOGRFFXUZKHQFRQVWUXFWLRQIDFLOLWLHVDUHFRQVWUXFWHG7KH
SRWHQWLDOHQYLURQPHQWSROOXWLRQLQGH[FRQVLVWVRIHQYLURQPHQWSROOXWLRQUDWLRDQGHQYLURQPHQWFRQVHUYDWLRQUDWLRDQG
WKH HQYLURQPHQWDO SROOXWLRQ UDWLR FRQVLVWV RI HQYLURQPHQW GDPDJH FRVW DQG HQYLURQPHQW GHVWUXFWLRQ FRVW 7KH
HQYLURQPHQWFRQVHUYDWLRQFRVWFRQVLVWVRIHQYLURQPHQWDOSROOXWLRQSUHYHQWLRQFRVWZDVWHGLVSRVDOFRVWHQYLURQPHQWDO
SROOXWLRQFRPSHQVDWLRQFRVWHQYLURQPHQWDOSROOXWLRQWHVW	UHVHDUFKFRVWDQGOHJDO	LQVWLWXWLRQDOFRVW7KHVHFRVWV
FDQQRWEHGLUHFWO\HVWLPDWHGVLQFHWKH\KDYH\HWWRRFFXU$FFRUGLQJO\WKH\DUHHVWLPDWHGLQWKHIRUPRILQGH[E\
FRPSDULQJWKHSRVVLELOLW\RIHQYLURQPHQWDOSROOXWLRQEHWZHHQWKHRULJLQDOGHVLJQSODQDQGDOWHUQDWLYH7KHSXUSRVHRI
WKLVVWXG\LVWRGHYHORSHFR9(IXQFWLRQWKDWFDQEHXVHGLQWKHDSSOLFDWLRQRIHFR9(WRGHYHORSGHVLJQDOWHUQDWLYHV

1.2 Scope & Method 
7KHVFRSHRIWKLVVWXG\ZLOOEHWKHSDUWVRIH[LVWLQJ9(-RE3ODQIRUGHYHORSLQJHFR9(IXQFWLRQIRUWKHGHILQLWLRQ
RIHQYLURQPHQWDOSHUIRUPDQFHHVWDEOLVKPHQWRIWKHHQYLURQPHQWDOFRVWVFRQFHSWLPSOHPHQWDWLRQRISRWHQWLDOHQYLU
RQPHQWDOFRVWVDQGGHYHORSPHQWRIHFR9(IXQFWLRQLQFRUSRUDWLQJWKHVHFRPSRQHQWV
7KHSURFHGXUHDQGPHWKRGRIWKHVWXG\LVDVVKRZQLQ)LJDQGH[LVWLQJUHVHDUFKHVRQHQYLURQPHQWDOSHUIRUPDQFH
HQYLURQPHQWDO FRVWV DQGSRWHQWLDO HQYLURQPHQWDO FRVWV QHHGHG WR GHYHORS HFR9( IXQFWLRQZLOO EH UHYLHZHG)RU
GHILQLQJHQYLURQPHQWDOSHUIRUPDQFHHFRUHTXLUHPHQWVRISURMHFWLPSOHPHQWHUDQGXVHUZLOOEHLGHQWLILHG)RUHFR
LWHPVWREHUHIOHFWHGLQWKHGHVLJQIXQFWLRQDODQDO\VLVZLOOEHFRQGXFWHGWRGHILQHWKHILQDOSXUSRVHDQGPHWKRGRI
IDFLOLWLHV,QDGGLWLRQFRUUHODWLRQEHWZHHQIXQFWLRQVSHUIRUPHGZLWKWKHIDFLOLWLHVZLOOEHH[DPLQHGZLWKHFRGHVLJQ
LWHPV
)RUHVWDEOLVKLQJ WKHFRQFHSWRIHQYLURQPHQWDOFRVWVDFFRXQWLQJFODVVLILFDWLRQ	GHILQLWLRQRIHQYLURQPHQWDOFRVWV
FRQVLVWLQJRIH[SOLFLWLPSOLFLWHQYLURQPHQWDOFRVWV9(UHODWHGHQYLURQPHQWDOFRVWVDQGFDUERQSURGXFWLYLW\FRQFHSW
ZLOOEHDQDO\]HG2QHRIWKHFKDUDFWHULVWLFVRIHQYLURQPHQWDOFRVWVLVWKDWLWLVFRVWWKDWKDV\HWWRRFFXU5HIOHFWLQJ
VXFK FKDUDFWHULVWLF WKH FRQFHSW RI SRWHQWLDO HQYLURQPHQWDO FRVWV LQGH[ LV LPSOHPHQWHG 1DPHO\ SRWHQWLDO
HQYLURQPHQWDOFRVWVDUHGHILQHGWKURXJKDPHWKRGRIFRPSDULQJGHVLJQDOWHUQDWLYHVDQGDVVHVVLQJWKHSRVVLELOLW\RI
FDXVLQJHQYLURQPHQWDOFRVWVWRH[SUHVVLWVVL]HLQLQGH[

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
)LJ6WXG\PHWKRG
7KHGHILQLWLRQRIHQYLURQPHQWDOFRVWVWKDWFDQEHXVHGLQWKHGHVLJQSKDVHPD\YDU\GHSHQGLQJRQWKHHQYLURQPHQWDO
FRVWV HVWLPDWLRQ PHWKRG &DUERQ GLR[LGH HPLVVLRQ DQG HPLVVLRQV WUDGLQJ SULFH PHWKRGV VXUYH\ DQG GLUHFW
PHDVXUHPHQWPHWKRGVZHUHH[DPLQHGWRDVVHVVWKHLUDSSOLFDELOLW\WRHFR9(LQWKHGHVLJQSKDVH
7KHHFR9(IXQFWLRQDFFRUGLQJO\GHILQHGZLOOEHDSSOLHG WR WKHEDVLFFRQFHSWRI9(QDPHO\ IRUPXODZLWKYDOXH
SURSRUWLRQDOWRIXQFWLRQDQGLQYHUVHO\SURSRUWLRQDOWR/&&OLIHF\FOHFRVWWRGHYHORSQHZHFR9(IXQFWLRQ

1.3 Existing research trend 
9DULRXVUHVHDUFKHVRQHQYLURQPHQWDOFRVWVDUHEHLQJDFWLYHO\FRQGXFWHGWKURXJKRXWDOOLQGXVWULDODUHDVLQ.RUHD,
QWKHFDVHRIFRQVWUXFWLRQLQGXVWU\YDULRXVHIIRUWVDUHEHLQJPDGHUHFHQWO\IRUHVWLPDWLQJHQYLURQPHQWDOFRVWVFRPS
DUHGWRWKHSDVWZKHUHUHVHDUFKHVRQHQYLURQPHQWDOORDGZHUHFRQGXFWHG
&KRSHUIRUPHG/&$OLIHF\FOHDVVHVVPHQWRIYDULRXVDSSDUDWXVLQFOXGLQJODQGVFDSHOLJKWLQJVGHVLJQHGIRUKLJKULVH
PXOWLSXUSRVHEXLOGLQJ WRDQDO\]H WKHHQYLURQPHQWDOFRVWVRI W\SHVRIJUHHQKRXVHJDV LQFOXGLQJ&2 >@ -DQJ
H[DPLQHG HQYLURQPHQWDO FRVWV LQ FRQVWUXFWLRQ SURMHFWV XVLQJ FDUERQ WD[ >@ ,Q DGGLWLRQ 2K >@ DQDO\VHG WKH
HQYLURQPHQWDO FRVWVRIDLUSROOXWDQWV WKDWRFFXUZKLOHGHPROLVKLQJDSDUWPHQW&KDFRQGXFWHGD VWXG\RQ WKH&2
HPLVVLRQDQGHQYLURQPHQWDOFRVWHVWLPDWLRQVRIFRQVWUXFWLRQZDVWHV>@
5HVHDUFKHVRQWKHHQYLURQPHQWDOFRVWVLQWKHFDVHRIGRPHVWLFFRQVWUXFWLRQSURMHFWVZHUHPRVWO\OLPLWHGWKHGHGXF
WLRQRIHQYLURQPHQWDOFRVWVRQ&2WKURXJK/&$
,QUHJDUGVWRVWXGLHVRQHFR9(.LPDQG.LPGHYHORSHG1,$PRGHOIRUTXDQWLI\LQJWKHHFRIULHQGO\VHQVHRISURMHFW
RZQHU >@.LP HW DO FRQGXFWHG /&$ DQG LQWHULQGXVWU\ DQDO\VLV IRU UDLOURDG DOLJQPHQW GHVLJQ WR TXDQWLWDWLYHO\
HVWLPDWHHQYLURQPHQWDOSROOXWLRQHPLVVLRQVDQGHVWLPDWHG&2FRVWVLQUDLOURDGFRQVWUXFWLRQSURMHFWVEDVHGRQFDUERQ
HPLVVLRQWUDGLQJSULFH>@.LPDQG/HHFRQGXFWHGDVWXG\RQHFRIULHQGO\GHVLJQIRULQFUHDVLQJWKHHQHUJ\HIILFLHQF\
RIKLJKULVHPXOWLSXUSRVHEXLOGLQJ>@,QDGGLWLRQ/HHSUHVHQWHGV\VWHPDWLFSURFHGXUHVDQGVWDQGDUGVWRSUHYHQWDQ\
RPLVVLRQRI9(SURSRVDOVGXULQJHYDOXDWLRQWKURXJKJUHHQ9(SURSRVDOHYDOXDWLRQSURFHGXUHV	VWDQGDUGV>@6RQJ
DQDO\VHGWKHH[LVWLQJ9(VHOHFWLRQPHWKRGWRSURSRVHJUHHQ9(VHOHFWLRQPRGHOIRUVHOHFWLQJHFRIULHQGO\HOHPHQWV
WKDWQHHGWREHFRQVLGHUHGLQSURMHFW>@+RZHYHUVWXGLHVRQHFR9(DUHODFNLQJDSSOLFDEOHWRSXEOLFZRUNVZLWK
VLJQLILFDQWFRVWVDQG UHVRXUFHV$FFRUGLQJO\ WKLV VWXG\DLPV WRGHYHORSHFR9(IXQFWLRQ WKURXJK WKH LQGH[LQJRI
SRWHQWLDOHQYLURQPHQWDOFRVWVGLIILFXOWWRPHDVXUHGXULQJWKHHDUO\GHVLJQSKDVHDQGFDUERQSURGXFWLYLW\WKDWKDVQRW
EHHQH[DPLQHGLQH[LVWLQJ9(UHVHDUFKHVWRGHYHORSHFR9(IXQFWLRQLQWKHDSSOLFDWLRQRIHFR9(IRURYHUFRPLQJ
WKHOLPLWDWLRQRIHQYLURQPHQWDOFRVWVGHGXFWLRQPHWKRGOLPLWHGWR&2DQGGHYHORSLQJGHVLJQDOWHUQDWLYHV


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
2.1 VE (Value Engineering) 
,QFRQVWUXFWLRQ LQGXVWU\9(FDQEHGHILQHGDVDQRUJDQL]HGHIIRUWJLYHQ WR WKH IXQFWLRQDODQDO\VLVDQGGHVLJQRI
FRQVWUXFWLRQV\VWHPIRUDFKLHYLQJQHFHVVDU\IXQFWLRQZLWKWKHORZHVW/&&OLIHF\FOHFRVW7KHYDOXHWREHDFKLHYHG
E\SHUIRUPLQJ9(FRQVLVWVRIFRVWSHUIRUPDQFHDQGWLPHFRPSRQHQWVIRUFUHDWLQJRSWLPXPYDOXHE\PDLQWDLQLQJDQ
DSSURSULDWHEDODQFH)RUDFKLHYLQJRSWLPXPYDOXHWKURXJK9(DFWLYLW\LWLVQHFHVVDU\WRFRQGXFWTXDQWLWDWLYHDQDO\VLV
ZLWKVSHFLILFQXPHULFDOILJXUHVLQVWHDGRIWKURXJKTXDOLWDWLYHDSSURDFK4XDQWLWDWLYHIRUPXODLVDVVKRZQLQ)RUPXOD


 ൌ  ி௨௡௖௧௜௢௡
஼௢௦௧

ZKHUH&RVW /LIH&\FOH&RVW

,QDGGLWLRQGHYHORSPHQWRIHFR9(IXQFWLRQRIWKLVVWXG\RFFXUVGXULQJDGHVLJQ9(SURFHVV7KHGHVLJQ9(FDQEH
GHILQHG DV D SURFHVV RI FUHDWLQJ D SODQ RI LPSURYHPHQW DQG WKH EHVW SODQ WR VHOHFW VWUXFWXUHPDWHULDOPDFKLQH
FRQVWUXFWLRQPHWKRGDQG V\VWHPDFFRUGLQJ WR WKH IXQFWLRQSHUIRUPDQFHDQGTXDOLW\ OHYHO UHTXLUHG IURP IDFLOLWLHV
GXULQJWKHGHVLJQSKDVH([SHFWHGFRVWVDYLQJVDQGSHUIRUPDQFHLPSURYHPHQWHIIHFWLVVLJQLILFDQWZLWKVLJQLILFDQW
SRVVLELOLW\RILPSURYHPHQWDQGORZDFWLYLW\FRVWVZKHQ9(LVDSSOLHGHDUOLHUWKDQODWHU$FFRUGLQJO\LPSRUWDQFHRI
GHVLJQ9(LVDOOWKHPRUHVLJQLILFDQW>@


)LJ'HVLJQDQG&RQVWUXFWLRQ9(>@
2.2 Environmental Costs  
(QYLURQPHQWDOFRVWVDUHWKHW\SHRIFRVWVFRPSDQLHVRUQDWLRQVWDNHRQWRDYRLGLVVXHVWKDWFRXOGRFFXURUUHYHUWWR
SUHYLRXVVWDWHHQYLURQPHQWDOLVVXHVWKDWVHUYHDVPDMRUSROLF\RIQDWLRQDOLQGXVWULDODGYDQFHPHQWDQGFURVVERUGHUH
QYLURQPHQWDOGLVSXWHVDORQJZLWKVLPSOHHQYLURQPHQWLVVXHVVXFKDVORFDOL]HGRULQWHUQDWLRQDOOHYHOJOREDOZDUPLQJ
RFFXUULQJDVDUHVXOWRILQGXVWULDOL]DWLRQ>@
(QYLURQPHQWDOFRVWVLQFOXGHH[SOLFLWFRVWFRPSDQLHVRUQDWLRQVWKDWGLVFKDUJHSROOXWDQWGLUHFWO\VSHQWWRUHGXFHSR
OOXWDQWVLQFRPSOLDQFHZLWKHQYLURQPHQWDOSROLF\DQGVRFLDOLPSOLFLWFRVWRFFXUULQJDVDUHVXOWRIYDULRXVVRFLDOULSSO
HHIIHFWVFDXVHGE\SROOXWDQWHPLVVLRQ
([SOLFLWLPSOLFLWFRVWHVWLPDWLRQLVSHUIRUPHGWKURXJKDTXDQWLILFDWLRQPHWKRGXVLQJGDPDJHFRVWIURPDLUSROOXWLR
QHDUPDUNHGWD[FRVWIRUHFRORJLFDOGDPDJHDQGHPLVVLRQVWUDGLQJFRVWVIRUHPLVVLRQV,QWKHFDVHRIH[SOLFLWFRVWK
RZHYHUWKHUHDUHQRWWKDWPDQ\UHVHDUFKFDVHVWKDWUHIOHFWLWVLQFHLWLVGLIILFXOWWRPHDVXUHDLUZDWHUTXDOLW\DQGVRLO
GDPDJHFRVWV+RZHYHULPSOLFLWFRVWFDQEHPHDVXUHGZLWKLQWKHUHVHDUFKVFRSHVXFKDVHQYLURQPHQWDOSROOXWLRQSUH
YHQWLRQFRVWHQYLURQPHQWDOSROOXWLRQFRPSHQVDWLRQFRVWDQGOHJDOH[SHQVHV>@
2.3 Carbon Productivity 
&DUERQ SURGXFWLYLW\ LV D*'3 LQFUHDVLQJ IDFWRU RIIVHWWLQJ D*'3 GHFUHDVLQJ IDFWRU DFFRUGLQJ WR JUHHQKRXVH JDV
UHGXFWLRQDQGLWZDVILUVWSUHVHQWHGE\0F.LQVH\*OREDO,QVWLWXWH>@,WLVDFUXFLDOFRQFHSWWKDWZHQHHGWRIRFXVRQ
LQWKHHUDRIJUHHQJURZWKZLWKWKHHPSKDVLVRQJUHHQKRXVHJDVUHGXFWLRQDQGVXVWDLQDEOHJURZWK$FFRUGLQJO\FDUERQ
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SURGXFWLYLW\LVEHLQJSHUFHLYHGDVDQLPSRUWDQWFRQFHSWLQWKLVHUDRIJUHHQJURZWKZKHUHJUHHQKRXVHJDVUHGXFWLRQ
DQGVXVWDLQDEOHJURZWKDUHEHLQJHPSKDVL]HG>@
)RUVXVWDLQDEOHJURZWKLWLVQHFHVVDU\WRDOVRFRQVLGHUFDUERQHPLVVLRQVDVDSURGXFWLRQHOHPHQWLQDGGLWLRQWRODERXU
DQGFDSLWDOLQWKHSURGXFWLRQIXQFWLRQEDVHGRQDGGHGYDOXH,WLVEHFDXVHLWZRXOGEHQHFHVVDU\WRWDNHRQWKHFRVWRI
JUHHQKRXVHJDVHPLVVLRQVDORQJZLWKWKHIRUPDWLRQRIFDUERQSULFHVLQWKHFDVHZKHUHFDUERQWD[RUJUHHQKRXVHJDV
HPLVVLRQWUDGLQJVFKHPHLVLPSOHPHQWHGWKDWZLOOLQHYLWDEO\OHDGWRWKHLPSOHPHQWDWLRQRIFDUERQSURGXFWLYLW\FRQFHSW
IRUJUHHQKRXVHJDVUHGXFWLRQ$FFRUGLQJO\LWZRXOGEHQHFHVVDU\WRLQFUHDVHFDUERQSURGXFWLYLW\WRRIIVHWWKHFRVW
EXUGHQDQGSURILWGHFUHDVHUHVXOWLQJIURPJUHHQKRXVHJDVHPLVVLRQ>@

7DEOH0HWKRGRI&DOFXODWLQJ(QYLURQPHQWDO&RVW
'LYLVLRQ (VWLPDWLRQ0HWKRG
6XEVWLWXWH(YDOXDWLRQ0HWKRG ,QWKHFDVHZKHUHWKHYDOXHRIPHDVXUHPHQWREMHFWFDQQRWEHGLUHFWO\PHDVXUHG,WLVDPHWKRGRIPHDVXULQJYDOXHWKDWFDQLQGLFDWHWKHVDPHHIIHFWRUFRVWRIPHDVXUHPHQWREMHFW
3UHYHQWLRQ&RVW(VWLPDWLRQ0HWKRG $PHWKRGRIXVLQJWKHFRVWUHTXLUHGWRSUHYHQWGDPDJHDVWKHVXEVWLWXWHRIDFWXDOFRVW
$QDO\WLFDO0HWKRG $PHWKRGRIH[WUDFWLQJLQIRUPDWLRQIURPYDULRXVVRXUFHGDWD
&2(PLVVLRQV7UDGLQJ3ULFH
0HWKRG
$PHWKRGRIHVWLPDWLQJHQYLURQPHQWDOFRVWVE\PXOWLSO\LQJ&2HPLVVLRQVE\FDUERQHPLVVLRQVWUDGLQ
JSULFH
&RQWLQJHQW9DOXDWLRQ0HWKRG $PHWKRGRIH[WUDFWLQJWKHSD\PHQWFRVWVRIUHVSRQGHQWVUHJDUGLQJK\SRWKHWLFDOFKDQJHRIHQYLURQPHQWTXDOLW\XSRQHOLFLWLQJWKHYDOXHRISXEOLFSURSHUW\RUHQYLURQPHQWDOJRRGV
6XUYH\ $PHWKRGRIHVWLPDWLQJHQYLURQPHQWDOFRVWVZLWKLQIRUPDWLRQREWDLQHGWKURXJKILHOGVXUYH\TXHVWLRQQDLUHLQWHUYLHZHWF
5HVWRUDWLRQ&RVW0HWKRG $PHWKRGRIHVWLPDWLQJFRVWVUHTXLUHGWRUHVWRUHHQYLURQPHQWDOGDPDJHWRSUHYLRXVVWDWHRUDYRLGGDPDJHWKDWFRXOGRFFXU


2.4 Potential Environmental Costs 
(QYLURQPHQWDOFRVWVFDQEHGLYLGHGLQWRHQYLURQPHQWDOSROOXWLRQFRVWVVXFKDVHQYLURQPHQWDOGDPDJH	GHVWUXFWLRQ
FRVWVDQGHQYLURQPHQWDOFRQVHUYDWLRQFRVWVVXFKDVHQYLURQPHQWDOSROOXWLRQSUHYHQWLRQFRVWZDVWHWUHDWPHQWFRVW
HQYLURQPHQWDOSROOXWLRQFRPSHQVDWLRQFRVWDQGOHJDO	LQVWLWXWLRQDOFRVWV,QUHJDUGVWRWKHHVWLPDWLRQPHWKRGVRI
HQYLURQPHQWDOFRVWVWKH\LQFOXGHVXUYH\PHWKRGDQDO\WLFDOPHWKRGSUHYHQWLRQFRVWHVWLPDWLRQPHWKRGUHVWRUDWLRQ
FRVWHVWLPDWLRQPHWKRGDQGHFRQRPLFLQFHQWLYH	SUHYHQWLYHV\VWHPV+RZHYHUWKH\DUHQRWEHLQJZLGHO\XVHGGXH
WR WKHLU FRPSOH[LW\RI FDOFXODWLRQPHWKRGDQGGLIILFXOW\RIGDWD FROOHFWLRQ ,Q DGGLWLRQ HQYLURQPHQWDO GDPDJH	
GHVWUXFWLRQFRVWVDQGHQYLURQPHQWDOSROOXWLRQFRPSHQVDWLRQFRVWDUHFDOFXODWHGRQFHWKH\KDYHDFWXDOO\RFFXUUHGDQG
WKH\DUHW\SHRIFRVWVWKDWFDQQRWEHXVHGZKHQGHYHORSLQJDOWHUQDWLYHVGXULQJWKHHDUO\VWDJHRIGHVLJQ1DPHO\WKH\
DUHSRWHQWLDOFRVWVWKDWKDYHQRWRFFXUUHG\HW

'HGXFWLRQRI(9(FR9DOXH

3.1 Establishment of Eco Function Standard 
(FRIXQFWLRQ()UHIHUVWRHFRGHVLJQLWHPVDQGWKH\ZLOOEHXVHGLQWKLVVWXG\E\DQDO\VLQJDQGUHYLVLQJWKHHFR
HYDOXDWLRQLWHPVEHLQJXVHGLQWKHEXLOGLQJHFRFHUWLILFDWLRQV\VWHPRI.RUHDWKH/(('/HDGHUVKLSLQ(QHUJ\DQG
(QYLURQPHQWDO 'HVLJQ FHUWLILFDWLRQ V\VWHP RI WKH 86$ DQG WKH %5(($0 %XLOGLQJ 5HVHDUFK (VWDEOLVKPHQW
(QYLURQPHQW $VVHVVPHQW0HWKRG RI WKH 8. 7KH HFR HYDOXDWLRQ LWHP LV D V\VWHP RI LQGXFLQJ HFRIULHQGO\ 	
VXVWDLQDEOHGHYHORSPHQWE\ LPSOHPHQWLQJHFRSHUIRUPDQFHHYDOXDWLRQRIEXLOGLQJGHVLJQPHWKRGDQGHFRGHVLJQ
JXLGHOLQHV>@
7KHHFRSHUIRUPDQFHVWDQGDUGLQHFR9(LVDGHYLFHIRULQFUHDVLQJWKHHFRSHUIRUPDQFHRIIDFLOLWLHVE\DGGLQJIXQFWLRQ
WRJHQHUDO9(DQGWKHHFRSHUIRUPDQFHVWDQGDUGWREHDSSOLHGPD\YDU\GHSHQGLQJRQWKHIDFLOLW\FKDUDFWHULVWLFV
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,QDGGLWLRQLWPD\EHH[HPSWHGLQWKHFDVHZKHUHWKHSURMHFWRUJDQL]DWLRQGRHVQRWFRYHUWKHVXEMHFWRIFRUUHVSRQGLQJ
LWHP DQGZHLJKWHG YDOXHPD\ EH JLYHQ WR HDFK LQGH[ GHSHQGLQJ RQ WKH UHJLRQ 7DEOH  VKRZV VRPH RI WKH HFR
HYDOXDWLRQLWHPVRIWKH/(('	%5(($0

7DEOH(FR)ULHQGO\(YDOXDWLRQ,WHPV

/((' %5(($0
(YDOXDWLRQ,WHPV
%XLOGLQJ0DWHULDOV 0DLQWHQDQFH
%XLOGLQJ:DVWH0DQDJHPHQW +HDOWK	:HOOQHVV
(QHUJ\&RXQWHUPHDVXUH (QHUJ\
1XPEHURI([LVWLQJ%XLOGLQJV 7UDIILF
,QGRRU$LU4XDOLW\ :DWHU(IILFLHQF\
/DQGVFDSH
([WHULRU'HVLJQ %XLOGLQJ0DWHULDOV
,QVWDOODWLRQRI5HF\FOLQJ(TXLSPHQW *DUEDJH
2SHUDWLRQDODQG$GPLQLVWUDWLYH)DFLOLWLHV 6LWH3ODQ
3URKLELWHG8VHRI2]RQH'HSOHWLQJ6XEVWDQFHV (FRORJLFDO(QYLURQPHQW
6LWH6HOHFWLRQ 3ROOXWLRQ
7UDIILF5HODWLRQVKLS ,QQRYDWLRQ
:DWHU&RQVHUYDWLRQ 
:DWHU4XDOLW\ 

3.2 Deduction of Potential Environmental Pollution Index 
&RQVLGHULQJWKDWSRWHQWLDOHQYLURQPHQWDOFRVWVDUHGLIILFXOWWRGLUHFWO\FDOFXODWHGXULQJWKHHDUO\GHVLJQVWDJHDQGWKH\
DUH FRVWV WKDW KDYH \HW WR RFFXU LWZRXOG EH UHDVRQDEOH WR DSSO\ DQ LQGLUHFWLRQ HVWLPDWLRQPHWKRGRI FRPSDULQJ
EHWZHHQWZRSODQV
,WZRXOGEHDSSURSULDWHWRFRQVLGHUDPHWKRGRITXDQWLWDWLYHO\H[SUHVVLQJWKHSRVVLELOLW\RIFDXVLQJJUHDWHUFRVWVE\
FRPSDULQJEHWZHHQRULJLQDOSODQDQGDOWHUQDWLYHZLWKHDFKVXEFODVVLILFDWLRQLWHPVUHODWHGWRHQYLURQPHQWDOSROOXWLRQ
FRVWDQGHQYLURQPHQWDOFRQVHUYDWLRQFRVW



)LJ'HVLJQ3DUDPHWHUV(YDOXDWLQJRI(QYLURQPHQW

(QYLURQPHQWDO SROOXWLRQ FRVW LV D FXUUHQF\ DVVHVVPHQW RI WKH GDPDJH UHVXOWLQJ IURP GLVFKDUJHG ZDVWHV DQG
HQYLURQPHQWDO FRQVHUYDWLRQ FRVW UHIHUV WR FRVW IRU SUHYHQWLQJ HQYLURQPHQWDO SROOXWLRQ DQG GHVWUXFWLRQ FDXVHG E\
FRUSRUDWHSURGXFWLRQDFWLYLWLHV
)RU GHGXFLQJ SRWHQWLDO HQYLURQPHQWDO FRVW SRWHQWLDO HQYLURQPHQWDO SROOXWLRQ LQGH[ LV GHGXFHG XVLQJ DQ LQGLUHFW
FRPSDULVRQPHWKRGEHWZHHQRULJLQDOSODQDQGDOWHUQDWLYHGXULQJHFR9(GHVLJQ)LUVWRII$+3$QDO\WLF+LHUDUFK\
3URFHVV WKDWSURYLGHVREMHFWLYHPDWKHPDWLFDOPRGHO LVXVHG IRUH[DPLQLQJVXEMHFWLYHRU LQGLYLGXDOSUHIHUHQFHRI
LQGLYLGXDORUJURXSWRFDOFXODWHWKHZHLJKWHGYDOXHRIW\SHVRIHQYLURQPHQWDOHYDOXDWLRQVWDQGDUGVDSSURSULDWHIRU
HFR9(SURMHFWE\WKH9(WHDP>@
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

)LJ'HGXFWLRQSURFHVVRI3RWHQWLDO(QYLURQPHQWDO,QGH[

,QDGGLWLRQHQYLURQPHQWDOHYDOXDWLRQLVSHUIRUPHGDFFRUGLQJWRWKHGHVLJQLWHPVRIRULJLQDOSODQDQGDOWHUQDWLYHWR
FDOFXODWHSRWHQWLDOHQYLURQPHQWDOLQGH[E\XVLQJWKHHYDOXDWLRQWDEOHVKRZQLQ)LJ,QUHJDUGVWRWKHFDOFXODWLRQ
PHWKRG WKH9( WHDPPHDVXUHV WKH VHULRXVQHVV RI HQYLURQPHQWDO SROOXWLRQ FRVW RI WKH HQYLURQPHQWDO HYDOXDWLRQ
VWDQGDUGLQWKHSRLQWVFDOHZKLFKFRXOGRFFXUXSRQWKHFRQVWUXFWLRQRIIDFLOLWLHVLQWKHRULJLQDOSODQDQGDOWHUQDWLYH
DFFRUGLQJWRGHVLJQLWHPV,QDGGLWLRQSRWHQWLDOHQYLURQPHQWDOSROOXWLRQLQGH[RIHDFKGHVLJQLWHPLVFDOFXODWHGE\
PXOWLSO\LQJE\WKHZHLJKWHGYDOXHRIWKHHQYLURQPHQWDOHYDOXDWLRQVWDQGDUGREWDLQHGWKURXJK$+3WRGHGXFHRULJLQDO
SODQDQGDOWHUQDWLYHZLWKORZLQGH[YDOXH/DVWO\DGGHGYDOXHEHWZHHQWKHGHVLJQLWHPFRPELQDWLRQRIDOWHUQDWLYHDQG
RULJLQDOSODQZLWKORZSRWHQWLDOHQYLURQPHQWDOLQGH[LVXVHGDVSRWHQWLDOHQYLURQPHQWDOLQGH[LQ)RUPXOD

3.3 EV Formula  
([LVWLQJ9(YDOXHHYDOXDWLRQIRUPXODFDQEHUHYLVHGDFFRUGLQJWRHFR9(FRQFHSWDQGSUHVHQWHGDVVKRZQLQ)RUPXOD
7KLVIRUPXODLQFOXGHVHFRHYDOXDWLRQLWHPFDUERQSURGXFWLYLW\FRQFHSWRI0F.LQVH\*OREDO,QVWLWXWHDQGSRWHQWLDO
HQYLURQPHQWDOFRVWEDVHGRQH[LVWLQJ9(1HFHVVDU\FRHIILFLHQWVRIWKLVIRUPXODDUHDVIROORZ
)XQFWLRQ)LVH[SUHVVHGDVDUHDVRQIRUH[LVWHQFHRIIDFLOLW\RULWVSHUIRUPDQFHDQGLWVYDOXHLQFUHDVHVDVWKHQXPHULF
YDOXH LQFUHDVHV (QYLURQPHQW )XQFWLRQ () LV GHWHUPLQHG DFFRUGLQJ WR WKH IDFLOLW\ FKDUDFWHULVWLFV DPRQJ WKH
HYDOXDWLRQLWHPVRIHFRFHUWLILFDWLRQV\VWHPDQGLWVYDOXHDOVRLQFUHDVHVDVWKHQXPHULFYDOXHLQFUHDVHV
/LIHF\FOHFRVW/&&FRQVLVWVRIGHVLJQFRVWFRQVWUXFWLRQFRVWRSHUDWLRQ	PDLQWHQDQFHFRVWDQGGHPROLVKPHQW	
GLVSRVDOFRVWVDQGLWVYDOXHLQFUHDVHVDVQXPHULFYDOXHGHFUHDVHV&2HPLVVLRQLVUHIHUULQJWRWKHDPRXQWRIFDUERQ
GLR[LGHGLVFKDUJHGIURPPDWHULDOVDQGHTXLSPHQWXVHGWRFRQVWUXFWIDFLOLW\,WLVFDOFXODWHGXVLQJLQGLYLGXDOHVWLPDWLRQ
PHWKRG RI HVWLPDWLQJ HQYLURQPHQWDO ORDG E\SURGXFW IURP WKH W\SH DQG TXDQWLW\ RI HYHU\PDWHULDO XVHG WRPDNH
SURGXFWEDVHGRQWKHSURGXFWDQGV\VWHPEOXHSULQWDQGHVWLPDWHVKHHWDQGLQWHULQGXVWU\PHWKRGRIFDOFXODWLQJWKH
DPRXQWRIHQHUJ\FRQVXPSWLRQDQGHQYLURQPHQWDOORDGXOWLPDWHO\FDXVHGE\ILQDOGHPDQGDPRXQWRILQGXVWU\,QWKH
FDVHZKHUHWKHUHDUHYDULRXVSURGXFWVRUV\VWHPSURFHVVHVVXFKDVEXLOGLQJWKHUHLVPDWFKLQJPHWKRGRIFDOFXODWLQJ
VWHSVSHFLILFHQYLURQPHQWDOORDG,WLVH[SHFWHGWKDW&2HPLVVLRQDPRXQWFDQEHHVWLPDWHGE\UHYLVLQJLQGLYLGXDO
HVWLPDWLRQPHWKRGLQWHULQGXVWU\PHWKRGDQGPDWFKLQJPHWKRGDFFRUGLQJWRHFR9(DQGUHIOHFWLQJWKHPLQWKLVPRGHO
,QUHJDUGVWRSRWHQWLDOHQYLURQPHQWDOSROOXWLRQLQGH[3(3,SRVVLELOLW\RIWKHRFFXUUHQFHRIHQYLURQPHQWDOFRVW
FDQEHTXDQWLILHGE\FRPSDULQJEHWZHHQRULJLQDOGHVLJQSODQDQGDOWHUQDWLYHWKURXJKWKH3(3,(YDOXDWLRQ6KHHW
VKRZQLQ)LJVLQFHLWLVGLIILFXOWWRPHDVXUHHQYLURQPHQWDOFRVWVWKDWFRXOGRFFXUXSRQWKHFRQVWUXFWLRQRI
IDFLOLW\

ܧܸ ൌ ிൈாி
௅஼஼ൈ஼ைమா௠௜௦௦௜௢௡ൈ௉ா௉ூ
ǡ
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
ZKHUH ))XQFWLRQ
()(QYLURQPHQW)XQFWLRQ
/&&/LIH&\FOH&RVW
3(3,3RWHQWLDO(QYLURQPHQW3ROOXWLRQ,QGH[

7DEOH3RWHQWLDO(QYLURQPHQWDO&RVW6KHHW
0DLQ&DWHJRU\ 6XE&DWHJRU\ 2ULJLQDO3ODQ $OWHUQDWLYH
(QYLURQPHQW
'DPDJH&RVW
$LU  
:DWHU  
/DQG  
3HVWLFLGH  
5DGLDWLRQ  
7KHUPDO&UDFNLQJ  
7R[LFRORJ\  
2GRXU(PLVVLRQV  
(QYLURQPHQWDO'HVWUXFWLRQ
1RLVH  
9LEUDWLRQ  
,QGXVWULDO:DVWH  
6XEVLGHQFHRI/DQG  
6XQOLJKW,QIULQJHPHQWV  
$GGLQJ+DUPIXO)RRG  
:DWHU6KRUWDJHV  
'HVWUXFWLRQRI1DWXUDO/DQGVFDSHV  
(QYLURQPHQWDO3ROOXWLRQ3UHYHQWLRQ&RVWV
(QYLURQPHQWDO3ROOXWLRQ3UHYHQWLRQ(TXLSPHQW  
2SHUDWLRQ0DLQWHQDQFHRI(QYLURQPHQWDO
(TXLSPHQW  
)DFWRU\3ODQWLQJ  
(QYLURQPHQWDO5HPHGLDWLRQ  
5DZ0DWHULDO&RQYHUVLRQDQG3ROOXWLRQ
$YRLGDQFH  
1RQ3ROOXWLRQ3XEOLF5HODWLRQ  
(QYLURQPHQWDO3ROOXWLRQ3UHYHQWLRQ7UDLQLQJ  
(QYLURQPHQWDO3ROOXWLRQ0HDVXUH  
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